The impact of e-consults on total consultative services was evaluated. After implementing infectious diseases e-consults within an electronically integrated healthcare system, consultation volume increased. As compared with face-to-face consultations, e-consults were more often related to antimicrobial guidance and were requested by off-site providers. E-consults increased the breadth and volume of total consults.
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Electronic consultations (e-consults) are asynchronous, consultative, provider-to-provider communications that occur within the electronic health record (EHR) [1, 2] . E-consults facilitate specialist input to the front-line clinician in a more timely manner than a face-to-face (FTF) visit, may mitigate the need for a visit, or expedite care by allowing for additional information to be gathered prior to a live visit. The Veterans Affairs Boston Healthcare System (VABHS), a large tertiary care facility, implemented e-consults in 2012 as a way to improve access to subspecialty care. The infectious disease (ID) section was one of the early e-consult adopters at VABHS.
Access to ID specialists improves healthcare outcomes and results in lower costs and streamlined care [3, 4] . Traditionally providers seek input from ID specialists by scheduling patient appointments. When earlier input is needed, "curbside" conversations in hallways, phone contact, or e-mails replace formal consultations [5] . Such informal processes may not necessarily result in optimal recommendations due to incomplete or reduced quality of information shared or long delays in communication [6] . E-consults within an integrated EHR allow specialists to provide earlier input based on chart review, with relevant patient data readily available.
We compared the volume and scope of e-consults compared to FTF consults before and after e-consult implementation in order to understand the impact of e-consults on the ID section at VABHS.
METHODS

Setting
VABHS is a tertiary care system with 3 main campuses and 5 community-based outpatient clinics, serving over 32 000 veterans annually. Employing a nationally unified EHR, the main campuses provide the following levels of care: acute inpatient, transitional (e.g., subacute rehabilitation), skilled nursing, palliative, hospice, and specialty care, such as for patients with spinal cord injuries.
E-consult Structure
VABHS began utilizing e-consults as a way to improve access to subspecialty care in 2012. The medical service requires e-consults to be completed within 3 business days. The ID section receives e-consults from within VABHS as well as regional facilities and from 2 neighboring VA healthcare systems. FTF requests and e-consult requests are placed electronically in the EHR and screened daily by a dedicated ID clinician.
Data Collection and Analysis
We extracted data from the EHR representing all e-consults from 2014 and all outpatient FTF consult requests for 2011, the year prior to introduction of e-consults, and 2014. Data included the date of request and completion, the clinical location of the sender, and patient location (home vs. institutionalized in a VA subacute or domiciliary facility). Inpatient consults were excluded from this analysis. Clinical questions were categorized by indication. The frequency of and indications for FTF consults in 2011 were compared to FTF consults and e-consults in 2014. Lastly, charts were reviewed on a random sample of 40% of the ID e-consults in 2014 (n = 119) to assess ID-specific work flow.
This work was reviewed by the VABHS Institutional Review Board and was determined to be quality improvement rather than human subjects' research.
RESULTS
There were 285 e-consults and 195 FTF outpatient consults to the ID section in 2014. This compares to a total of 193 FTF outpatient consults in 2011. In 2014, the time to completion for e-consults averaged 0.6 days (SD 3.6) compared to 16.5 days (SD 12.4) for FTF consults; P < .05. In sum, 98% of e-consults were completed by 1 designated ID provider at VABHS. Of the 285 e-consults in 2014, 36 (12.6%) originated from a subacute or long-term care facility compared to 6 (3%) of the 195 face-to face consults in this same year, P < .05. Similarly, consults from non-VABHS facilities were more frequent as e-consults (n = 65, 22.8%) than face-to-face consults (n = 14, 7%), P < .05.
The most common e-consult topics were antimicrobial use for bacterial infections (n = 94, 33%) and diagnosis and management of latent tuberculosis infection (n = 39, 14%) (Figure 1 
osteomyelitis, septic joint and endocarditis) were more often performed FTF in 2014 (34/195, 17%) compared to e-consult (11/285, 4%), P < .01.
Topics newly addressed by e-consults in 2014 included management of positive urine cultures, perioperative prophylaxis, and immunizations unrelated to travel. These topics had not been a significant subject of FTF consults previous to the availability of e-consult (in 2011) and were rarely seen FTF in 2014.
Chart review of a random sample of 119 (40%) e-consults was completed to assess ID work flow around the time of the consult. Nineteen of 119 patients (16%) were seen in ID clinic for the same issue. Of these, 2 were seen only prior to, 5 were seen before and after, and 12 patients were seen only after the e-consult. For the 5 patients seen FTF before and after e-consults, the e-consults were for questions that needed to be answered between FTF visits. For FTF consults after e-consultation, 6 patients were seen at the recommendation of the e-consultant; 2 patients were seen because the patients had questions that they wanted answered in person by the ID consultant even though there were no changes in recommendations; and 4 were at the request of the referring provider.
DISCUSSION
In this study, we found that the introduction of e-consults expanded the breadth and volume of ID consultative questions addressed. This occurred without a reduction in the volume of FTF encounters. E-consults were used more often than FTF when patient travel may be a barrier to care, such as for patients in subacute care settings and those living remote from the ID clinic site. A shift in the nature of FTF consult requests occurred, with a decrease in questions about treatment or prophylaxis of bacterial infections concomitant with an increase in e-consults for the same. E-consults appeared particularly useful when specialized ID knowledge, not knowledge of the patient per se, was helpful, such as information on immunizations.
E-consults are being introduced increasingly across health systems as a way to increase access to specialty care [7, 8] . We believe our findings demonstrate that e-consults improved access to ID expertise at VABHS as evidenced by the shorter time to ID input and by use of e-consults for patients whose main source of care is at centers not located on the same campus as the ID section. Although some clinical work may previously have been handled by less formal means through telephone or e-mail, the authors' longstanding clinical experience at this institution indicates that informal consultation mechanisms do not account for such volume. A minority of patients served by e-consults also required a FTF visit, suggesting that the e-consult adequately met the referring provider's needs in most cases. We observed a shift in the nature of ID consultation after introduction of e-consults. Over 50% more consults related to treatment and prophylaxis of bacterial infection were completed in 2014, most by e-consult. Such rapid response may result in enhanced antibiotic stewardship [9] .Questions related to immunization, Lyme disease, or C. difficile rarely triggered a FTF consult in 2011 or 2014 but were commonly asked via e-consults in 2014. This could reflect the referring providers' need for relatively rapid ID input in decision making, with the input becoming moot when FTF visits take more than 2 weeks to be completed. This is an important finding to note considering recent research on the increased costs associated with failure to address ID concerns in a timely manner [3, 10] .
Generalizability of our findings may be limited. VA facilities share a common medical record. Systems without a shared EHR may need to provide guidance on providing pertinent data in a request. Second, although the e-consult process has been adopted by the VABHS ID section, a single ID specialist has been the main responder to e-consult queries, primarily out of interest in this specific approach to providing care. Hence, although no specific skill set was required for this service, dedicated time and resources from the department as well as consultant engagement were key features in the success of our program. Yet this model is replicable; other systems [11, 12] also have designated specialist econsultants who are trained and committed to providing high-value e-consultation.
A challenge in designing new health information technology applications is determining and managing the impact on workload and workflow, quantifying value, and determining compensation. In our setting, implementation of e-consults did not result in a compensatory decrease in the number of FTF consults. Further evaluation is needed to understand whether this increased subspecialty involvement in care leads to improved outcomes.
Emerging infectious disease challenges such as drug-resistant bacterial strains and travel-related infections continue to expand the role of an ID specialist. E-consultation may be an important platform to prevent and control infectious diseases as it requires lower resources relative to FTF consultation but provides more timely access to infectious disease subspecialty care.
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